riched in n-3 FA, formulated to obtain a different EPA/ DHA ratio of 1/1 (EPA = DHA), 1/ 2 (DHA), or 2/1 (EPA). In fact, after analysis the EPA/DHA ratio was 0.8, 0.4, or 2.1, respectively. Dietary EPA and DHA addition did not affect the performance of the breeder hens, except for egg weight. Egg weight was lower (P < 0.001) for all n-3 treatments. Dietary EPA improved number of eggs laid in the first 2 wk of the production cycle (P = 0.029). The absolute and relative yolk weight of eggs laid by EPA = DHA fed hens was lowest (P = 0.004 and P = 0.025, respectively). The EPA and DHA concentrations in the yolk were highly dependent on dietary EPA and DHA concentrations with a regression coefficient equal to 0.89. It can be concluded that dietary EPA and DHA can be incorporated in the breeder egg yolk to become available for the developing embryo, without compromising the performance and egg quality of the flock.
18:3 n-3) enrichment as the conversion rate of LNA to EPA and DHA is rather low, due to competition for the enzymes involved (Gerster, 1998; Burdge and Calder, 2005) . According to Ajuyah et al. (2003) , Wang et al. (2004) , and Hall et al. (2007) , in ovo modulation of these FA may exert positive health effects during various stages of posthatch life of the offspring. However, it is not clear if these positive effects were due to EPA, DHA, or a combination of both. This led to the concept of supplementing the broiler breeder diet with different EPA/DHA ratios to evaluate the changes in FA composition of the egg yolk and to investigate the role of EPA and DHA in the developing chick, without compromising the breeder flock performance or egg quality. Therefore, before evaluating the effect on the offspring, the effect on the breeder flock, egg quality, and egg FA composition should be considered.
As it is known that the mechanisms involved in lipid metabolism and lipoprotein transfer are influenced by many factors such as breeder age, timing, amount of supplementation as well as type of FA supplied, these factors should be considered in the experimental set-up to clarify the relation between dietary EPA and DHA supplementation and determined responses. Therefore, the aim of this paper is to describe the effect of dietary EPA and DHA enrichment of broiler breeders at different ratios and the impact on FA composition of the egg yolk, egg quality, and performance of the broiler breeders at different ages during the reproduction cycle before the effect on the offspring is investigated.
MATERIALS AND METHODS

Broiler Breeder Flock
Birds and Housing. From 6 wk onward, 640 Ross 308-broiler breeder hens (Belgabroed NV, Merksplas, Belgium) were housed in the poultry experimental facility at the Institute for Agricultural and Fisheries Research (ILVO) under standard conditions of lighting, heating, and ventilation. Breeders were randomly placed in 16 pens (40 hens per pen) containing deep litter made of wood shavings, round drinkers, a 2.5-m feeder, and 6 laying nests. Between 6 and 17 wk of age, breeders were vaccinated in agreement with a licensed veterinarian according to the industrial vaccination scheme. Due to culling and mortality during rearing, it was decided to reduce hen number to 30 hens per pen at 21 wk of age to obtain the same number of animals per dietary treatment at the start of the laying period. This resulted in a total of 480 broiler breeder hens. This experiment was approved by the Ethical Committee (EC2010/140) of ILVO.
Dietary Treatments. The trial was designed as a randomized complete block design with 4 dietary treatments and 4 replicates each (30 breeders/pen). The experiment comprised 4 diets differing in n-6/n-3 ratio and EPA/DHA ratio. Each treatment consisted of a rearing and laying diet (Table 1) . The rearing diets were provided from 6 to 24 wk of age and the laying diets from 25 wk of age onward. Each diet consisted of a 98.5% constant basal component and a varying 1.5% oil fraction. The 1.5% soybean oil in the n-6 FA rich control diet was replaced by blends of fish oil to obtain 3 diets rich in n-3 FA. The objective of the formulation was to obtain EPA/DHA ratios of 1/1, 1/2, or 2/1 in (2) a n-3 rich diet in which EPA concentration almost equals DHA-concentration (EPA = DHA diet), (3) a n-3 rich diet in which the DHA concentration almost doubled the EPA concentration (DHA diet), or (4) a n-3 rich diet in which the EPA concentration almost doubled the DHA concentration (EPA diet). However, analysis of the feed showed EPA/DHA ratios equal to 0.8, 0.4, and 2.1 for the EPA = DHA, DHA, and EPA diet, respectively. The breeder hen diets were formulated to be isonitrogenous (14.9 and 14.5% CP for rearing and laying diet, respectively) and isocaloric (2,796 and 2,856 kcal/kg of ME for rearing and laying diet, respectively). The feed ingredients and nutrient compositions are given in Table 1 . Oils were stored in small containers at −20°C until feed preparation. To avoid further oxidation of the feed during storage, every month a new batch of feed was prepared. During the rearing period, 4 batches of rearing feed were produced at the feed factory of ILVO Animal Sciences unit, whereas a total of 9 batches of laying feed were produced to cover the laying period. The amount of feed per hen was weighed daily and was increased with age, from 46 g per hen per day at 6 wk to 130 g per hen per day at 24 wk. During the rearing period, feed was restricted based on BW. During the laying period, feed was given based on BW and laying rate to obtain a BW gain recommended by the Ross Management Guide (Aviagen EPI BV, Roermond, the Netherlands).
Performance Measurements. Starting at 6 wk of age, all hens were weighed individually on a weekly basis and the average BW was calculated per pen. From 24 wk on, eggs were collected and counted daily. Laying rate (%) was calculated by dividing the total number of eggs produced weekly per pen (divided by 7) by the number of hens present in that same pen, multiplied by 100. The number of eggs laid during the first 2 wk of production were summed, as a predictor parameter for start of lay. Once per week, all eggs were weighed to calculate feed conversion (FCR) and egg mass. The FCR was calculated as feed intake divided by egg mass. Egg mass was calculated as laying rate multiplied by egg weight. All pens were monitored daily for hen mortality and morbidity.
Egg Quality Measurements
At 28, 43, and 58 wk of age, 240 eggs (60 eggs/ treatment) were collected and analyzed for egg quality parameters. Egg, yolk, and eggshell were weighed in grams. Albumen weight was calculated by subtracting yolk and shell weight from total egg weight. The proportional yolk, albumen, and shell weight was calcu-lated relative to the egg weight. Albumen height (mm; H) was measured with a standard tripod micrometer at a distance of approximately 1 cm from the yolk, and Haugh unit (HU) was calculated using the following formula (Williams, 1997) : HU = 100 log [H − (1.7 × W 0.37 ) + 7.6)]. Egg shell deformation was assessed under a 500-mg load, in micrometers. Yolk color was determined using a 15-point scale color fan of DSM. The thickness of the eggshell, after the removal of the egg content and egg membranes, was measured with a micrometer at the pole and the equator of the egg. An average value was calculated based on these 2 measurements.
FA Analysis
From almost every new feed batch, a sample was taken to analyze the FA composition. From all 4 rearing feed batches and from 5 of the 9 laying feed batches, a sample was taken, ground, and analyzed. At 28, 43, and 58 wk of age, 20 yolks per treatment were pooled by 5 (4 replicates each), freeze-dried for 48 h, ground, and kept frozen at −20°C until analysis. Total lipids were extracted from feed and yolk samples using chloroform/ methanol (2:1 vol/vol) and methylated using methanolic HCl (Sukhija and Palmquist, 1988) . The FA profile (from C6:0 to C24:1) was analyzed using a Varian 3800 gas chromatograph equipped with 2 CP-1177 split/ splitless injectors and DB-23 capillary columns (60 m × 0.25 mm i.d., 0.25 µm film thickness). Injector and flame ionization detector temperatures were fixed at 230°C, and helium was used as the carrier gas. In this NBN EN ISO/IEC 17025 accredited method, in addition to an external certified reference material of FA methyl ester mixture (Sigma Aldrich, Gillingham, UK), an internal standard (C19:0) for FA identification and subsequent quantification was used. Fatty acid concentrations were calculated as a relative concentration (in g per 100 g of total FA) as well as an absolute concentration (g per kg of feed or g per 100 g of yolk). For the relative concentration, all peak areas of all measured FA between C12:0 and C22:0 were summed up and the peak area of the selected FA was seen as a percentage of this sum. The absolute FA concentration was calculated by multiplying the relative concentration by the proportional total lipid content of the sample. All individual FA were grouped into total saturated fatty acids (SFA; C14:0, C15:0, C16:0, C17:0, C18:0, and C21:0), total monounsaturated fatty acids (MUFA; C14:1n-5, C16:1n-7, C18:1n-9, and C20:1n-9) and total PUFA (C18:2n-6, C18:3n-3, C20:2n-6, C20:3n-6, C20:4n-6, C20:5n-3, and C22:6n-3) for further statistical analysis. Additionally, PUFA were divided into n-3 and n-6 groups and the most important PUFA, such as linoleic acid (LA, 18:2n-6), LNA (18:3n-3), arachidonic acid (AA, 20:4n-6), EPA (20:5n-3), and DHA (22:6n-3) were also mentioned individually.
Oxidative Status
Feed. In 6 feed batches, 4 rearing and 2 laying feed, lipid peroxidation was estimated by spectrophotometric determination of TBA reactive substances (TBARS) as described by Lin et al. (2004a,b) . Feed samples were stored at −20°C to avoid oxidation. Prior to analysis, 2.5 g of each feed sample was homogenized in 15 mL of 1.15% KCl. To 1 mL of the sample, 100 µL of 6% ethanolic BHT (2,6-di-tert-butyl-p-cresol, Fluka), 200 µL of a 10% SDS solution (dodecyl sulfate, sodium salt, 70%, Sigma Aldrich), and 1.8 mL of TBARS (2-TBA reagent, Sigma Aldrich) were added. Samples were incubated at 90°C for 75 min. The TBARS were extracted with 3 mL of n-butanol:pyridine (15:1; vol/vol) and samples were centrifuged for 7 min at 2,195 × g at 4°C before optical density (OD) was measured. A dilution series of TEP (1,1,3,3-tetraethoxypropaan, Sigma Aldrich) was used as a calibration standard.
Plasma of Broiler Breeders. At 28, 43, and 58 wk of age, blood was taken from 3 broiler breeders per pen, yielding 12 blood samples per treatment. Blood was taken from a wing vein and collected in heparinized tubes kept on ice. After centrifugation (2,195 × g, 10 min, 4°C), plasma was collected and stored at −20°C until analysis. To 100 µL of plasma, 500 µL of TBARS and 25 µL of BHT were added. After incubation at 95°C during 1 h, 2 mL of n-butanol/pyridine solution was added. Samples were centrifuged at 717 × g and 4°C for 10 min before OD was measured. The OD of the feed and plasma extracts was measured at 538 nm using a photospectrometer (Pharmacia LKB, Ultrospec III, Gemini BV, Apeldoorn, the Netherlands). The TBARS are expressed as nanomoles of malondialdehyde (MDA) per milliliter of plasma and per liter of feed solution.
Data and Statistical Analysis
All data were analyzed using PROC MIXED in SAS 9.3 (SAS Institute Inc., Cary, NC). The broiler breeder performance parameters were analyzed, for the rearing and laying period separately, using a longitudinal model with treatment, age, and their interaction as fixed effects. The egg quality measurements, FA concentrations (in feed and yolk samples), and MDA concentrations in plasma samples were also analyzed using a longitudinal model with treatment, age, and their interactions as fixed effects, but the age effect was categorical (28, 43, and 58 wk) and no linear age effect was assumed. To correct for the repeated measures over time within the same pen, pen was introduced in the models as a random effect. Single regression analysis was performed with yolk FA concentration as a dependent variable and dietary FA concentration as a predictor variable for EPA and DHA concentration. All tests were 2 tailed at a significance level of 5%. Significant differences between treatments or ages were tested for pairwise differences with a post-hoc Tukey-Kramer test. The data shown in the tables are the means ± SEM.
RESULTS
Dietary and Yolk FA Composition
No interactions between breeder age and treatment were found on the FA composition of the yolk, except for EPA (P = 0.019). The calculated absolute FA composition profile was similar to that of the relative FA profile and therefore is not shown.
Age Effect. No differences were found in total yolk fat concentration in eggs laid by young versus old broiler breeder hens (data not shown). The concentration of yolk SFA was lower for 58-wk-old hens compared with younger hens (P < 0.001; Table 2 ). The total concentration of MUFA was lowest (P < 0.001), whereas the concentration of PUFA was highest for eggs laid by young hens (wk 28), compared with older hens (wk 43 and 58; P < 0.001; Table 2 ). The concentrations of the n-6 (P < 0.001) and n-3 PUFA (P < 0.001) were higher for the eggs laid early in the laying period (28 wk), but no age differences were observed on the n-6/n-3 ratio ( Table 2 ). The LA (P < 0.001) and LNA (P < 0.001) concentrations were higher in eggs from young hens (28 wk). The concentration of AA was not affected by age. The relative concentration of DHA tended to decrease until 43 wk of age (P = 0.052; Table 2 ), whereas the absolute concentration was actually highest for eggs laid by younger hens (P = 0.044; data not shown). For yolk EPA concentration an age × treatment interaction was found (P = 0.019). For all treatment groups, no difference in yolk EPA concentration was found between different ages, except for the DHA group. For this group yolk EPA concentration was highest at 58 wk and lowest at 28 wk, with 43 wk being intermediate (Table 2) .
n-3 Treatment Effect. Applying different fat sources in the diets resulted in a considerable variation in relative FA composition of the diets and the yolks ( Figure  1 ). According to the diet formulation, EPA concentrations were lowest for the control diet and increased from the DHA diet, to the EPA = DHA diet and were highest in the EPA diet (P < 0.001). The DHA concentrations were higher in the EPA = DHA and DHA diets compared with the EPA and control diet (P < 0.001), as formulated. Consequently, the EPA/DHA ratio was lowest in the control diet, next-to-highest in the EPA = DHA diet, next-to-lowest in the DHA diet, and highest in the EPA diet (P < 0.001). This was integrally reflected in the yolk FA composition ( Figure 1A and B). The correlation coefficient for a single regression between the concentration in the feed and in the yolk equaled 0.89 for both EPA and DHA (P < 0.001; data not shown). The dietary EPA/DHA ratio equaled 0.85, 0.42, and 2.11 for the EPA = DHA, the DHA, and the EPA diet, respectively ( Figure 1A ). For yolk EPA concentrations, however, a treatment × age interaction was found.
The relative concentrations of all long-chain PUFA in the yolk reflected the relative dietary concentrations, with the exception of AA and LNA ( Figure 1A and B). Arachidonic acid was not present in soybean oil and subsequently could not be detected in the control feed, but reached high values in the yolk of eggs laid by control hens. Although LNA concentrations were lower in all n-3 enriched diets, they only differed statistically from the control group in the yolk of eggs laid by hens fed the DHA diet ( Figure 1A and B) . All n-3 enriched diets resulted in a lower n-6 (P < 0.001) and higher n-3 PUFA concentrations (P < 0.001) in the yolk, resulting in a much lower yolk n-6:n-3 ratio (P < 0.001; Figure  1D ). The n-3 enriched feed contained more SFA (P < 0.001) and less PUFA (P = 0.003) compared with the control feed. Concentrations of MUFA were not different between the diets ( Figure 1E ). Relative SFA, MUFA, and PUFA were similar in the yolk of hens on the various diets ( Figure 1F ).
Oxidative Status
Diets. Feeds enriched with EPA contained the highest level of TBARS. The control diet exhibited the low-est level of TBARS, whereas an intermediate level was found for the DHA and EPA = DHA feeds (P < 0.001) (Figure 2A) .
Plasma of Broiler Breeder Hens. The EPA and EPA = DHA fed hens showed numerically higher TBARS plasma concentrations than the control hens ( Figure 2A ). The DHA hens had higher TBARS levels compared with the control hens (P = 0.003). The oxidative status of old hens was lower than that of younger hens (58 vs. 28 and 43 wk; P < 0.001; Figure 2 B ).
Zootechnical Performance of Broiler Breeder Hens
No interaction effect was found between age and treatment for all parameters, except for egg weight (P = 0.042).
Age Effect. During the rearing period (wk 6 to wk 24), an age effect was found on BW (P < 0.001) and FCR (P < 0.001; data not shown). Body weight increased with age from an average weight of 810 g at 6 wk of age to an average weight of 2,758 g at 24 wk of age. The FCR decreased with age during the rearing period. Hens of all treatments started laying at 24 wk of age and reached peak production at 33 wk of age. During the laying period, laying rate increased from 22% at wk 24 to 81% at wk 27, remained steady until wk 33, and then decreased gradually from 86 to 35% at wk 58 (P < 0.001). Egg weight increased with age (P < 0.001), from 51 g at wk 24 to 71 g at wk 58.
n-3 Treatment Effect. All hens were fed restricted and all groups received the same amount of isocaloric feed; therefore, no differences in feed intake were observed (data not shown). During the rearing period, no dietary effect was found on BW or FCR (data not shown). During the laying period (26-58 wk), no differences in laying rate, egg mass, feed FCR, and BW between the different treatment groups were observed (Table 3) . Differences were found, however, between the 4 treatments in terms of number of eggs laid in the first 2 wk of production and egg weight (Table 3 ). The number of eggs laid in the first 2 wk of the production cycle was higher for the EPA group compared with the EPA = DHA and DHA group (P = 0.029). Average egg weight was lower for all n-3 enriched groups, compared with the control group (Table 3) . This treatment effect depended on the age of the breeder hens, as there was an interaction. At the start no differences were found between the groups; however, as time elapsed, the difference between n-3 groups and control group increased (data not shown).
Egg Quality
No interaction was found between age and treatment for all parameters, except for yolk color (P = 0.013).
Age Effect. Egg, absolute yolk, shell, and albumen weight increased with hen age (P < 0.001; Table 4 ). Proportional shell and albumen weight decreased with age (P = 0.003 and P < 0.001, respectively), whereas proportional yolk weight increased with age (P < 0.001). The yolk/albumen ratio decreased with age (2.35, 1.90, and 1.79 for 28, 43, and 58 wk of age, respectively). Shell deformation was highest at 43 wk of age, compared with the other ages (P = 0.003; Table  4 ). Haugh units decreased with age (P < 0.001; Table  4 ). Eggshell thickness remained constant during time (P = 0.050). Yolk color increased with age (P < 0.001). Different superscripts refer to significant differences within a row (P < 0.05). 1 ND = not detected; SFA = sum of all saturated fatty acids; MUFA = sum of all monounsaturated fatty acids; PUFA = sum of all polyunsaturated fatty acids; LA = linoleic acid; LNA = α-linolenic acid; AA = arachidonic acid; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; n-6 = sum of all n-6 PUFA; n-3 = sum of all n-3 PUFA. Data are shown as the mean calculated across all treatments ± SEM. For every age, n = 16 (4 pooled samples per treatment, 5 yolks per pool).
2 For EPA concentrations, the P-value of the interaction age × treatment is presented; a significant interaction effect was found for this parameter.
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n-3 Treatment Effect. Egg weight of all n-3 enriched groups was lower compared with the control group (P = 0.018). Absolute yolk weight of eggs laid by hens from the EPA = DHA group was lower compared with control eggs and eggs from DHA fed hens, with the EPA group being intermediate (P = 0.004; Table 5 ). Proportional yolk weight was lower for the EPA = DHA group compared with only the DHA group (P = 0.025). Absolute and proportional albumen weight and absolute and proportional shell weight did not differ between treatment groups (Table 5) . No treatment effect was found for Haugh unit, shell deformation, and eggshell thickness (Table 5 ). At 28 wk of age, yolk color was darker for eggs laid by DHA fed hens compared Figure 1 . A, B, C, D, E, and F: Relative fatty acid (FA) concentration (g/100 g of FA) of linoleic acid (LA), α-linolenic acid (LNA), arachidonic acid (AA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), sum of n-3 FA (n-3), sum of n-6 FA (n-6), and their ratio (n-6/n-3), sum of saturated fatty acids (SFA), sum of monounsaturated fatty acids (MUFA), and sum of polyunsaturated fatty acids (PUFA) measured in the feed (left pane) and in the yolk (right pane) of eggs laid by hens receiving 1 of the 4 different dietary treatments: control diet (CON), n-3 enriched diet with EPA concentration equal to the DHA concentration (EPA = DHA), n-3 enriched diet with a higher DHA concentration (DHA), or n-3 enriched diet with a higher EPA concentration (EPA). Data are shown as mean ± SEM. For the feed, n = 9 (4 rearing feed batches and 5 laying feed batches); for the yolk, n = 12 (4 samples, 5 pooled yolks each) per treatment were analyzed at 3 ages (28, 43, and 58 wk). Different letters (a-d) indicate significant differences (P < 0.05) within each FA.
with the control and EPA eggs (P < 0.080) ( Table 5) . During the later egg quality measurements (at 43 and 58 wk), no differences in yolk color were observed between treatments.
DISCUSSION
Several studies have reported that supplementation of PUFA in the diet of laying hens increases the content of these FA in consumption eggs (Cherian et al., 1996; Antruejo et al., 2011) . Results from our study also indicate that a relationship exists between diet and yolk FA content of broiler breeder eggs. Adding fish oil rich in n-3 FA to the diet of broiler breeder hens resulted in an increase of desired PUFA in the diet, which were transferred to the yolk. Dietary n-3 FA did not change total yolk fat concentration, in agreement with earlier findings of Cherian and Sim (1991) , or the total concentration of SFA, MUFA, and PUFA. In our study, the impact of the EPA/DHA ratio on yolk FA composition was emphasized ranging from 1/2 over 1/1 to 2/1. Dietary EPA and DHA concentrations were highly correlated (r 2 = 0.89) with yolk EPA and DHA concentrations, respectively. The EPA transition was dose dependent, as the EPA group (richest in EPA) showed higher concentrations of EPA in the yolk, compared with the EPA = DHA group, which in turn was higher compared with the control group and finally the DHA fed group.
The DHA transition was not dose dependent, as DHA addition as well as DHA = EPA supplementation resulted in equally higher yolk DHA concentrations compared with the EPA group and the control group. Adding a proportionally equal concentration of EPA and DHA (in the EPA = DHA group) in the feed resulted in proportionally more DHA and less EPA storage in the yolk. The control diet for example did not contain any DHA, yet DHA was found in the yolk and the small amount of EPA originally present in the feed was no longer present in the yolk. This suggest that most of the EPA present in the yolk was converted into DHA. Moreover, the yolk DHA concentrations were higher compared with what was originally included in the diets (especially for the EPA diet), confirming the idea of conversion from EPA, as the EPA concentration was decreased in the yolk compared with the feed (Bézard et al., 1994) .
Linoleic acid was present in the control feed at high levels, whereas AA was not detectable at the dietary level, because soybean oil does not contain long-chain (>C18:0) FA. The concentration of AA in the yolk of control eggs was rather high, indicating de novo synthesis from its precursor LA. For the control diet, the proportional concentration of LA was lower in the yolk compared with the feed, supporting this idea. It is known that in case of comparable amounts, the metabolism of n-3 FA (synthesis of EPA and DHA from its 18 Different superscripts indicate significant differences within a row (P < 0.05). 1 Control = control diet, EPA = DHA = n-3 enriched diet where the eicosapentaenoic acid (EPA) concentration equals the docosahexaenoic acid (DHA) concentration, DHA = n-3 enriched diet with a higher DHA concentration compared with the EPA concentration, EPA = n-3 enriched diet with a higher EPA concentration compared with the DHA concentration. All data are expressed as the mean (calculated every week per pen) ± SEM.
2 For egg weight, the P-value of the interaction age × treatment is presented; a significant interaction effect was found for this parameter. n = 128 per treatment (4 replicates per treatment followed during 32 wk). a-c Different superscripts indicate significant differences within a row (P < 0.05). 1 Data are shown as the mean value over all treatments ± SEM, n = 240 at each age (60 eggs per treatment were analyzed at every age).
carbon precursor LNA) is preferred to that of n-6 series (synthesis of AA from LA; Craig-Schmidt et al., 1987) . Conversion of LA to AA is less efficient due to competition in case more LNA is present in the feed. For the control group, more LA is converted to AA in the yolk, compared with the groups enriched in n-3 PUFA. Hence n-3 FA given as long-chain PUFA in the diet inhibits the metabolism of LA (Cherian, 2007) . The LNA was present in lower dosages in all n-3 enriched feed compared with the control feed. The decrease in LNA present in the yolk, compared with the concentration present in the feed, also suggests de novo synthesis of EPA and DHA from LNA. The DHA content in the control eggs was negligible and constituted only 0.84% of all FA in the yolk. By adding n-3 FA to the feed, this concentration increased to more than 3%. The EPA was not even detected in control eggs. Age of the breeder affected almost all the FA in eggs. This is in line with the findings of Cherian (2008) . Yolk lipid formation depends upon a hen's capacity to initiate and sustain the assembly of very low density lipoproteins (VLDL; Walzem et al., 1999) . Eggs produced by younger hens (28-vs. 43-and 58-wk-old hens) contained less MUFA, but did have more PUFA and SFA in the yolks, whereas Cherian (2008) found a peak incorporation of SFA, MUFA, and PUFA at an age of 38 wk. In particular, the concentrations of the precursor FA (i.e., LA and LNA) were higher in the yolk of eggs laid by younger hens. However, the concentration of EPA and DHA remained equal and AA tended to a,b Different superscripts indicate significant differences within a row (P < 0.05). 1 Control = control diet, EPA = DHA = n-3 enriched diet where the eicosapentaenoic acid (EPA) concentration equals the docosahexaenoic acid (DHA) concentration, DHA = n-3 enriched diet with a higher DHA concentration compared with the EPA concentration, EPA = n-3 enriched diet with a higher EPA concentration compared with the DHA concentration. All data are expressed as the mean over the 3 different ages (28, 43, and 58 wk) ± SEM.
2 For yolk color, the P-value of the interaction age × treatment is presented; a significant interaction effect was found for this parameter. n = 180 (60 eggs per treatment were analyzed at 3 time points).
increase. These results may indicate less de novo synthesis or more efficient conversion from precursor FA to the desired FA in younger hens. The incorporation of DHA tended to be higher at 28 wk, compared with later ages. In contrast, Cherian (2008) observed a lower incorporation of this FA at 26 wk. Reduction in DHA suggests that hen age may affect yolk incorporation of n-3 FA. Nielsen (1998) reported a 20% higher yolk DHA concentration in egg yolks from young versus old layer hens. These findings suggest that hen age impairs the ability to accrue DHA in yolk lipids or diminishes the desaturation and elongation of n-3 FA as reported in mammals (Ulmann et al., 1991) .
Commercial poultry diets are characterized by high n-6:n-3 ratios because the main FA component in these standard cereal-based diets is LA. A major problem associated with inclusion of unsaturated and long-chain n-3 FA in chicken feed is that they are very susceptible to peroxidation. This was observed by TBARS measurements in the feed and further translated to an increased plasma concentration of TBARS, which indicates an increased lipid peroxidation.
Hens started laying at 24 wk of age. Egg weight increased with age, resulting in higher absolute yolk, shell, and albumen weights. However, proportional shell and albumen weight decreased with age, whereas the proportional weight of the yolk increased with age as described earlier by O'Sullivan et al. (1991) . In accordance with this well-known age effect, our experiment showed that differences in dietary EPA and DHA concentrations influenced the performance parameters of the breeder flock and egg quality of the broiler breeder egg at very low levels. Laying rate, egg mass, FCR, and BW were not influenced at all due to dietary EPA and DHA addition. Hens fed the EPA enriched diet laid more eggs compared with DHA = EPA and EPA fed hens. Eggs from all n-3 enriched groups (EPA, DHA, and EPA = DHA) weighed approximately 2 g less than control eggs. The negative relation between dietary n-3 FA and egg weight is in agreement with reports of Whithead (1995) and Pappas et al. (2005) . The difference in egg weight can be partially explained by differences in LA between the diets. Linoleic acid is known to enhance the synthesis of lipoproteins taken up by the developing yolk and to increase yolk weight and hence egg weight (March and MacMillan, 1990) . Furthermore, Pappas et al. (2005) stated that the difference in egg weight between fish oil and soybean oil fed breeder eggs is a consequence of the difference in absolute yolk weight. They stated that increasing the supply of PUFA interferes with the synthesis of VLDL. Because VLDL are the precursors for egg yolk lipids, the lower synthesis of VLDL could cause a lower absolute yolk weight and, consequently, smaller eggs. In this experiment, however, lower yolk weight was only found for 1 group, namely EPA = DHA, even after correcting for the difference in egg weight (proportional yolk weight). The difference found in egg weight is not only due to a difference in yolk lipoprotein formation, but apparently also due to a mechanism involving stimulation of oviduct protein synthesis, because absolute and proportional albumen weight differed marginally. In our study, it was shown that other egg characteristics were barely influenced by dietary n-3 FA concentration, whereas breeder age influenced egg quality on all levels. Yolk color was darker for eggs of hens on a DHA-enriched diet compared with the control and EPA eggs, with the EPA = DHA group being intermediate, although this difference was only observed in the eggs of 28-wk-old hens. Because the yolk color was lightest for eggs produced by younger hens, the differences between darker and lighter yolks between hens on the DHA-enriched and the control diets were probably more distinct at an early age.
It can be concluded that supplementation of DHA and EPA to the diet clearly resulted in an enrichment of these essential PUFA in the yolk, favoring the breeding egg composition for embryonic development. The EPA addition resulted in a dose-dependent increase of EPA in the yolk, whereas yolk DHA concentration was influenced by de novo synthesis from precursor FA. Changing the dietary ratio of EPA/DHA had no negative consequences on the performance at broiler breeder level, nor on egg quality, except for the negative effect on egg weight. Egg weight was equally lower for all n-3 treatments compared with the control diet. Dietary EPA even resulted in more eggs laid in the first 2 wk of the production cycle. It is shown that a certain FA composition can be obtained to be available for the developing embryo without compromising the zootechnical performance of the breeder flock and the breeder egg quality.
